Ischaemic preconditioning and contractile function: studies with normothermic and hypothermic global ischaemia.
A significant reduction in the extent of cell necrosis or the incidence of reperfusion-induced arrhythmias can be achieved with ischaemic preconditioning. If preconditioning was also found to be effective in protecting against global ischaemia, then this may have significant implications for the preservation of the heart during cardiac surgery. We therefore investigated this phenomenon in relation to recovery of contractile function after global ischaemia in the isolated rat heart. Isolated working rat hearts (n = 6 per group) were perfused aerobically at 37 degrees C for 20 min and contractile function recorded. This was followed by 10 min of aerobic Langendorff perfusion (control hearts) or 5 min global ischaemia (37 degrees C) + 5 min Langendorff reperfusion (preconditioned hearts). The hearts were then subjected to 10, 15, 20 or 25 min of global ischaemia (37 degrees C) and reperfusion (15 min Langendorff + 20 min working) after which function was again assessed. Preconditioning improved functional recovery after all durations of ischaemia. Thus aortic flow after 10, 15, 20 and 25 min of ischaemia and 35 min of reperfusion recovered to 84, 58, 16 and 5%, respectively, in controls and 88, 74, 55 and 20%, respectively, in the preconditioned groups. To assess whether preconditioning was effective in a surgically relevant model of hypothermic ischaemia, the experiments were repeated with longer periods (45, 70, 90, 115, 135 and 160 min) of ischaemia at 20 degrees C. Under these conditions, normothermic preconditioning increase the post-ischaemic recovery of aortic flow after 115, 135 and 160 min of ischaemic (from 36, 20 and 10%, respectively, in controls to 57, 39 and 26%, respectively, in preconditioned hearts). There was no consistent correlation between tissue high energy phosphate content and enhanced post-ischaemic recovery. Thus, we have demonstrated that ischaemic preconditioning can improve contractile function after global ischaemia in the isolated rat heart, we have defined the duration of ischaemia for which it is operative, and we have shown that this protection is additive to that of hypothermia-induced protection during ischaemia. This may have clinical implications for cardiac surgery.